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Reply to Office Action of 3 November 2005 ^ 

Amendments to the Claims 
This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims : 

1. (Currently Amended) Data transmission apparatus 

comprising a first lianamil interfa c e Iuj. Li unfi tting a 
data stream comprising a sequence of lixed zr i±& cells for 
processing one or more high-rate data streams carrying 
data cells and delivering the high-rate data streams 
over data busses provided by a mid-plane having a limited 
number of signal conductors, the app aratus to a receiver, 
Lhe first transmit Inter fa ce comprising: 
[[a)]] a first demultiplexer connected Lo receive the 

data stream and 1 to split tlia data bLream by 
AJ . iu^-^ j Mip. f T » 11fi in mUfcion. for dividin g data 
of one high- rate data stream into N sub- streams a 
plurality of N transmit chann e ls so that each 
Lxaiusmit channel sub- stream carries every N** 1 cell of 
the one high- rate data stream, the first- 
demultiplexer configured to stagger tran smission of 
cells in the si ^-^^ ^ams in time with respect to one 
another ; 

[ [b) ] ] for each chann el of the N sub- streams, a data 

transmitting device for serializing the d ata from 
the sub-stream and transmitting the serialized data 
in one or more serial data connections over said 
mid-plane to a data receive interface uuiumcbed t o 
r e ceive the cells of th e transmit c hannel and to 
output the c e lls o n o n e or more data c o nn ec tions - 
carryin g data in a first dir e cti o n - t o a receiver ; 

[ [c) ] ] a first transmit control circuit connected to 

the data transmitting devices of the N sub-streams 
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nnri configured to insert flow rnntrol signals into 
nn P or more of the sub-streams f the first transmit 
nontr-ol circuit configured to gelectivelv enable and 
disable the data transmittin g devices in response to 
first receiver en^lg signals r eceived over said 
mid- plane from the data receive inte rface , —the 
Lj.a.iU3uiifc cuiiLrol circuit coiifi g med. to cause the 
^.cinsmitting devices t o out p ut Llm ccllb in s equence 
with th e comm e ncement of transmission of c e lls on 
se q uential Lransmi - l channels stagg e red in time 
xtilative Lcj one aiiotheJ- by a Lime dif lereiicu AT 
whereby cell integrity and sequencing is maintained 
at said data transmission apparatus, an d each of said 
sub- streams carries the cells that a re routed to it by 
the fir ^t- H^nnn t-.i plp. xer at a rate that is N time s lower 
than a data rate of the high-rate da ta stream. 

2- (Canceled) 

3. (Currently Amended) Th e a p paratus of claim 2 co mprisin g a 
f luaL ic^eive interlace for mieiviiig a - data st reartr; — the 
first receiv e interface comprising . Apparatus according 
to claim 1 comprising: 

a plurality of data receive devices each 
connected to receive a sub- stream of data comprising 
data incoming on one or more serial connections 
provided by the mid-plane : 
[ [a) ] ] a plurality o f deserializer devi ce s f o r 

receiviiiy — one or more serial — str e ams of cells in 
e ach o f a plurality of receive channels for each of 
the data receive devices, a corresponding buffer 
configured to receive fixed- length data cells 
carried in the corresponding sub- stream; and r 
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[[b)]] a first receive control circuit configured to 

determine a sequence of arrival of the cells *ttdr-fce 
p- la^e Hie, ull^ uiiLu a bu^ in Llm b^ q u u iica of 
ar rival . 

4. (Currently Amended) The apparatus of claim 3 wherein one 
u-l lU u i L i o£ Ll - ie, rec e ive uliaimulfl caJixieb a flow c u uLrol 
signal r the first receive control circuit is configured 
to provide Irhe flow control si g nal signals to the first 
transmit control circuit and the first transmit control 
circuit is configured to inhibit the output of cells on 
by one or more of the channels data tra nsmit devices in 
response to the received flow control signal signals . 

5« (Currently amended) The apparatus of claim 4 wherein the 
first receive control circuit is configured to 
demultiplex the flow control signal signals, from the 
stream cjf cells in one of the a rec eive chann e ls 
corresponding' sub- stream , 

6, (Currently amended) f he apparatus ul claim 3 Data 
transmission apparatus comprising a fir st tr ansmit 
interface for transmitting a data stream comprisin g a 
sequence of fixed- size cells to a receiver, the first 
transmit interface comprising: 

a first demultiio lexer connected to receive the 
data stre ^in anH to split the data st ream bv 
delivering the cells in rotation into a plura lity of 
N transmit channels so that each said transmit 
channel carries eve ry JT* cell; 

for each said transmit channel a data 
transmitting device connected to receive the cells 
of the transmit chann el and to output the cells on 
one or more data connections car rying data in a 
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first dn ration to a rece w ^r. wherein the data 
r.r^ngmitHna devi ce comprises a serjalizer device 
and fhe data connect ions comprise serial data 
connections : arid, 

a first transmit: control circui t connected to 
i-vig data transmitting devices, the first transmit 
trr>Titrol circuit configured to cause the transmitting 
devices to o ut put the cells in sequence with the 
commencement of transmission of cells on sequential 
t-ransmit channels staggered i n time relative to one 
anther bv a time difference A T; 
the apparatu s comprising: 

a first receive in terface for receiving a data 
stream, the fi rst receive interface comprising; 

a plurality of deserializer devices for 

receiving one or more serial streams of cells 

in each of a plurality of receive channels i. 

and L 

a first receive control circuit configured 
to determine a sequence of arrival of the cej-ls. 
and to place the cells onto a bus in the 
sequence of arrival 
wherein the first receive interface comprises a 
buffer associated with each of the deserializer 
devices, each of the buffers of a capacity 
sufficient to hold a plurality of cells, wherein the 
receive control circuit is configured to issue a 
flow control signal when a buffer has a remaining 
capacity of Q cells, with Q*l and the first transmit 
control circuit is configured to transmit the flow 
control signal with the serial data to a second 
receive interface at a receiver. 
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7. (Original) The apparatus of claim 6 wherein the first 
transmit control circuit is configured to multiplex the 
flow control signal with the serial data in one of the 
transmit channels. 

8, (Currently Amended) The appai.aLLi^ of ulaiiu 2 Data 
fr a n S mis3ion appara tus conrori sing a f irst transmit 
interface for transmitting a data stream compr ising a 
.QPrpiPnr.e of fixed-s i ^e cells to a receiver, the first 
transmit i nterface comprising; 

a first demultiplexer connected to receive t he 
data stream and to split the data stream by 
delivering the cells in rotation into a plurality of 
N transmit channels so that eac h said transmit 
channel carries every U " 1 cell: 

for each said transmit channe l a data 
transmitting device connected to recei ve the cells 
of the transmit channel and to output the cells on 
one or more data connections car rying data in a 
first direction to a receiver, wherein t he data 
transmitting device comprises a seri alizes device 
and the data connections comprise serial data 
connections : and. 

a first transmit control circuit connected to 
the data transmitting devices, the first transmit 
control circuit configured to cause the transmitting; 
devices to output the cells in sequenc e with the 
commencement of transmission of cells on sequential 
transmit channels staggered in time relative to one 
another by a time difference AT; 

wherein the first transmit interface is located on a 
line card having an interface for receiving the data 
stream, the apparatus comprises a receiver on a second 
card, and the serial data connections comprise data lines 
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extending between the line card and the second card 
through a midplane. 

9. (Currently Amended) The apparatus of claim 8 wherein the 
receiver comprises a second receive interface for 
receiving a data stream, the second receive interface 
comprising: 

a) . a plurality of deserializer devices for receiving a 

the serial data in each of the channels; and, 

b) a second receive control circuit configured to 
determine a sequence of arrival of cells in the 
serial data and to place the cells onto a bus in the 
sequence of arrival ♦ 

10. (Original) The apparatus of claim 9 wherein the second 
receive interface comprises a buffer associated with each 
of the deserializer devices, each buffer of a capacity 
sufficient to hold a plurality of cells, wherein the 
second receive control circuit is configured to issue a 
flow control signal when a buffer has a remaining 
capacity of Q cells or fewer, with Q il, the second card 
comprises a transmitter connected to transmit the flow 
control signal to the line card and the first transmit 
control circuit is configured to inhibit transmission of 
cells on at least a channel corresponding to the buffer 
which has a remaining capacity of Q cells or fewer in 
response to the flow control signal. 

11. (Original) The apparatus of claim 10 wherein the 
transmitter on the second card comprises a second 
transmit interface for transmitting a second data stream 
comprising a sequence of fixed-size cells to the line 
card, the second transmit interface comprising: 
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a ) a second demultiplexer connected to receive the data 
stream and to split the data stream by delivering 
the cells in rotation into a plurality of N channels 
so that each channel carries every tfth cell; 

b) for each channel a serializer device connected to 
receive the cells of the channel and to output the 
cells as serial data on one or more serial data 
connections to the line card; 

c) a second transmit control circuit connected to the 
serializer devices, the second transmit control 
circuit constructed to cause the serializer devices 
to output the cells of the second data stream in 
sequence and staggered in time relative to one 
another by a time difference AT. 

12, (Currently Amended) Data transmission apparatus 
comprising: 

a) means for carrying a data stream comprising a 
sequence of cells in having an order; 

b) demultiplexing means for assigning each of the cells 
of the data stream to one of a plurality of 
channels ; 

c) transmitting means for transmitting the cells in 
each channel to a receiver by way of signal 
conductors in a mid-plane ; and, 

d) control means for commencing the transmission of 
individual cells to the receiver, in the order, at 
times staggered relative to one another by a time 
difference AT that exceeds a worst case inter- 
channel difference in latency for tran smission of 
cells from the transmitting means to the receiver by 
wav of the mid-plane; and, 

receiving the cells in the order at the receiver. 
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13. (Cancelled) 

14. (Currently Amended) The data transmission apparatus of 
claim [[131] 12„ comprising means for receiving a 
plurality of serially transmitted cells in a plurality of 
channels and means for determining an order of arrival of 
the plurality of cells* 

15. (Currently Amended) The data transmission apparatus of 
claim [[l]] 12 comprising a first receive interface for 
receiving a data stream, the first receive interface 
comprising a plurality of receiving devices each for 
receiving a stream of cells in one of a plurality of 
channels and, a first receive control circuit configured 
to determine a sequence of arrival of the cells and to 
place the cells onto a bus in the sequence of arrival. 

16. (Currently Amended) The data transmission apparatus of 
claims claim IS wherein the first receive interface is 
adapted to receive in the data stream a first direction 
flow control signal and the first transmit control 
circuit is connected to receive the flow control signal 
and adapted to selectively enable or inhibit the 
transmission of cells by one of the data transmission 
devices in response to the flow control signal. 

17. (Original) The data transmission apparatus of claim 
16 wherein the first receive interface is adapted to 
generate a second direction flow control signal and the 
first transmit control circuit is adapted to cause one of 
the data transmitting devices to output the second 
direction flow control signal. 
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18. (Original) A telecommunications switch comprising a 

plurality of line cards, a switching fabric, a plurality, 
of fabric interface cards connected to the switching 
fabric and a midplane providing a plurality of data lines 
connecting the line cards and the fabric interface cards, 
the telecommunications switch comprising at least one 
bidirectional interface connecting one of the line cards 
and one of the fabric interface cards? 

the bidirectional interface carrying a first 
sequence of data cells in a data stream received at 
the line card in a first direction from the line 
card to the • corresponding fabric interface card and 
a second sequence of data cells in a second 
direction from the fabric interface card to the line 
card; 

the bidirectional interface comprising: a first 
demultiplexer connected to receive the first data 
stream and to split the first data stream into a 
plurality of N first direction channels so that each 
first direction channel carries every Nth cell; 

for each first direction channel a serializer 
device connected to receive the cells of the first 
direction channel and to output the cells as serial 
data on one or more serial data connections 
extending through the midplane to the fabric 
interface card; 

a first transmit control circuit connected to 
the serializer devices, the transmit control circuit 
configured to cause the serializer devices to output 
the cells in sequence order with the commencement of 
transmission of cells on different first direction 
channels staggered in time relative to one another 
by a time difference AT; 
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a plurality of deserializer devices at the 
fabric interface card, the deserializer devices 
connected to receive and deserialize the serial data 
on the serial data connections; 

a first direction receive control circuit 
connected to detect an order of arrival of cells on 
the serial data connections and to place the cells 
into a received data stream in the order of arrival; 

a second demultiplexer at the fabric interface 
card and connected to receive the second data stream 
and to split the second data stream into a plurality 
of N second direction channels so that each second 
direction channel carries every tfth cell; 

for each second direction channel a serializer 
device connected to receive the cells of the second 
direction channel and to output the cells as serial 
data on one or more serial data connections 
extending through the midplane to the line card; 

a second transmit control circuit connected to 
the serializer devices , the transmit control circuit 
configured to cause the serializer devices to output 
the cells in sequence order with the commencement of 
transmission of cells on different second direction 
channels staggered in time relative to one another 
by a time difference AT; 

a plurality of second deserializer devices at 
the line card, the deserializer devices connected to 
receive and deserialize the serial data on the 
serial data connections; and, 

a second direction receive control circuit 
connected to detect an order of arrival of cells on 
the serial data connections and to place the cells 
into a received data stream in the order of arrival . 



- 11 - 



PAGE 13/25 < RCVDAT 30/2006 8:43:45 PM [Eastern Standard Time] ' SVR:USPTOEFXRF-2'6 * DNIS:2738300 * CS(D:6M 681 4081 * DURATION (mm-ss):08-20 



03/03/06 17:44 FAX 604 681 4081 OYEN WIGGS ETAL ©014 



Application No. 09/988,940 Page 12 ° f 19 

Amendment dated 3 March 2006 

Reply to Office Action of 3 November 2005 , — . 

19. (Cancelled) 

20. (Currently Amended) The method of claim [[19]] _-24_ 
comprising serializing the data of each channel before 
transmitting the data of the channel. 



21. (Currently Amended) The method of claim [[19]] 24 
wherein there are N channels and assigning each of the 
cells of the data stream into one of a plurality of 
channels comprises assigning the cells to the channels in 
rotation so that each channel carries every i*** cell. 

22. (Original) The method of claim 20 wherein transmitting 
the serialized data for each channel comprises 
transmitting a plurality of streams of serial data. 

23. (Cancelled) 

24. (Currently Amended) The me tl i u d of i^laim 23 co mprisin g , A 
method for transmitting a data stre am comprising a 
sequence of fixed- size cells to a receiver, the method 
comprising : 

assigning consecutive cells of the data stream 
into different ones of a plur ality of channels; 

Rimultaneouslv transmitti ng to the receiver 
data on each of the channels w hile staggering 
transmission of consecutive ones of the cells in 
time relative to one another bv a time di fference AT 

receiving a flow control signal and inh ibiting 
the transmission of cella in at least one of the 
r.hannels in response to the flow c ontrol signal;, 
and, 

upon the transmission of cells in one of the 
channels being -inhibited, waiting until the 

- 12- 
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transmission of cells on the channel is not 
inhibited and then commencing the transmission of a 
cell an integer multiple of AT after the time at 
which transmission of a previous cell commenced on 
the channel, 

25. (Original) The method of claim 20 comprising, for at 
least one channel, multiplexing flow control signals with 
the serialized data before transmitting the serialized 
data. 

26. (Original) The method of claim 20 wherein the sequence of 
cells comprises an OC-132 data stream. 

27. (Original) The method of claim 20 comprising receiving 
the serialized data at a receiver, deserializing the 
received data, identifying an order of arrival of cells 
at the receiver and placing the cells on a signal bus in 
their order of arrival . 

28. (Original) The method of claim 27 comprising, for each 
channel, monitoring a number of cells which have arrived 
at the receiver and have not yet been placed on the 
signal bus and suspending transmission of cells on the 
channel if the number exceeds a threshold. 

29. (Original) The method of claim 23 wherein suspending 
transmission of cells on the channel comprises issuing a 
flow control signal. 

30. (Currently Amended) A method for transmitting a sequence 
of cells, in order, from a transmitting device to a 
receiving device, the method comprising: 
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assigning each of the cells to one of a plurality of 
channels In lutaLion , each of the channels having a 
recurring cell transmit time, the cell transmit times for 
successive channels staggered relative to one another by 
amounts exceeding any inter-channel differences in skew 
and latency; 

in each channel, transmitting the cells in sequence 
to the receiving device over one or more serial data 
connections and commencing transmission of each cell only 
at the cell transmit time for that channel ; and, 

r^rpivina the transmitted c ells at * -receiving 
ri^ica in thft same ord*r that the cells wpre transmitted. 

31. (Currently Amended) The method of claim 30 comprising, 
i^uBiuin^ mi deserializing the transmitted cells at -a 
the receiving device, and detecting an order of arrival 
of the cells at the receiving device. 

32. (New) The method of claim 30 comprising receiving a 
plurality of cells substantially simultaneously at the 
transmitting device and assigning each of the plurality 
of cells to one of the plurality of channels in rotation, 

33 • (New) Apparatus according to claim 3 comprising means for 
altering a status of second receiver enable signals 
corresponding to each of the data receive devices based 
on a status of the corresponding buffer. 

34* (New) Apparatus according to claim 3 comprising a 

mechanism for generating a second receive enable signal 
upon the arrival in one of the buffers of a second last 
cell that the buffer can hold. 
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35. (New) Apparatus according to claim 1 wherein the 
sub- streams are staggered in time by AT, and AT is 
greater than a maximum total skew due to the mid-plane, 
the data transmitting device and the data receive 
interface . 

36. (New) Apparatus according to claim 1 wherein the flow 
control signals include a clock signal, a parity signal, 
and a start of cell signal. 
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